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Abstract
Fracture properties of composite-dentin beams bonded with a self–etching adhesive were tested following short term 
pretreatments to simulate potential degradation mechanisms (thermal cycling, immersion in 5% NaOCl, or fatigue 
cycling). Beams of rectangular cross-section were shaped to a size of ~0.87 x 0.87 x 10 mm and placed in a four-po-
int bending apparatus, with the loading points 1.8 and 7.2 mm apart, with the interface centered between the inner 
rollers. Testing was performed in Hanks’ Balanced Salt Solution at 25 ˚C .
Solid dentin and solid composite beams [n = 6] had bending strengths of 164.4 and 164.6 MPa, respectively, under 
monotonically increasing loads.  Bonded beams [n = 6] had strengths of 56.3 MPa. Thermo-cycling (5˚ to 55˚C), 
NaOCl solution immersion, or 105 of pre-fatigue cycles did not decrease the strength.  Conclusion: Thermal stress, 
exposure to NaOCL, or 105 cycles of mechanical stress does not decrease bond strength of composite bonded to 
dentin as tested in four-point bending. 
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Introduction
Most dentin bonding agents exhibit acceptable strengths 
when measured immediately, but deteriorate with time, 
causing restoration leakage and loss . The deterioration of 
the bonds can be measured in laboratory studies and also 
observed clinically as loss of restorations in non-retentive 
preparations. (1, 2)  In general, laboratory studies are more 
useful for elucidating the mechanisms of deterioration. 
Two major sources have been identified, namely mecha-
nical fatigue and hydrolytic degradation.  
The dentin-composite bond can be stressed mechanically 
by shrinkage of composite due to polymerization, thermal 
expansion and contraction, or occlusal forces.  Unders-
tanding the mechanism of bond degradation will help in 
the design of new materials and procedures to better resist 
this degradation. 
Enamel-composite bonds without mechanical undercuts 
have enjoyed long-term clinical success, as evidenced by 
retention of direct composite bonding, porcelain veneers 
(3, 4) and Maryland bridges (5). However, this is not true 
of dentin-composite bonds, which are tested by bonding 
composite into non-carious cervical notches without un-
dercuts. These restorations frequently fail, with failures 
accelerating after two years (2). The failure rates vary with 
the bonding system used. Hydrolytic or chemical degra-
dation is assumed to be diffusion- and time-dependent; 
accordingly, it takes time to penetrate the interface and 
cause chemical breakdown. However, fatigue degradation 
should simply be dependent on the magnitude of stress 
and number of cycles. Chemical degradation has been 
studied with NaOCl exposure and found to decrease bond 
strength in microtensile tests. (6)
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The cervical areas of teeth are subject to regions of stress 
concentration during chewing (7).  Cervical bending can 
generate tensile or compressive stress on the tooth struc-
ture or the bond.  This stress is claimed to be a factor in 
the formation of  non-carious cervical lesions (NCCL) 
by some authors (8), which is termed “abfraction”; 
others discount the possibility and emphasize the role of 
toothbrush abrasion in the formation of NCCL’s (9-12). 
A recent systematic review concluded that there is little 
evidence that abfraction exists (13).  An in vitro simula-
tion  demonstrated material loss from the dentin surface 
due to the presence of cyclic (fatigue) stresses, although 
the magnitude of the loss was small (14). However, once 
a notch is formed, it does act to concentrate stress in that 
location and is thus presumed to be a factor in the eventual 
debonding failure of restorations of NCCL’s (15, 16). 
To improve dentin bonding, it is important to discern 
which mechanism of  degradation is most important. 
If  it is hydrolytic degradation, then strategies should be 
directed towards making the bonded interface more che-
mically stable in saliva; if  it is fatigue, then toughening of 
the interface and inhibition of crack propagation should 
be pursued. 
The commonly reported short-term in vitro bond strength 
is a useful screening test but it tells little about the long-
term durability of these bonds. This issue of the durability 
of bonds in vitro has been discussed in a recent review (1); 
results show that water storage decreases bond strengths 
over time (17, 18), even in the absence of  mechanical 
fatigue.
The purpose of  this study was to test the strength of 
composite/dentin bonds in four-point bending under 
various conditions. The hypothesis to be tested was that 
thermal stress, NaOCl exposure or mechanical fatigue 
will decrease the ultimate bond strength of the composi-
te/dentin couple. 
Materials and Methods
The dentin specimens [n =12] were prepared from recently 
extracted human molars collected according to a protocol 
approved by the UCSF Institutional Review Board and 
sterilized by gamma radiation (19). Teeth were sectioned 
in a bucco-lingual direction, first to create a slab and then 
a rectangular cross-section beam with dimensions of ~1.1 
x 1.1 x 6 mm.  The end of each beam was finished with 600 
grit wet abrasive paper.   Composite was bonded as follows: 
(i) the surface was treated with a self-etching primer (SE 
Bond Primer, Kuraray, Osaka, Japan, lot 00408A) for 20 
sec, then gently air dried, (ii) bonding resin (SE Bond, 
Kuraray, Osaka, Japan, lot 00551A) was applied for 20 
sec and light cured for 10 sec, and (iii) composite resin 
(Filtek Z-250, shade A3, 3M ESPE, St. Paul, MN, Lot 
#: 3AE 2006-01) was added to the surface and shaped as 
an extension of the beam.  After light polymerization and 
24 hr water storage the beam was finished on 600 grit wet 
abrasive paper to 0.87 x 0.87 x 10 mm. The specimens were 
stored under various conditions prior to testing.  Control 
specimens of identical size and shape were prepared from 
solid dentin and solid composite. 
All testing was performed on an ELF 3200 mechanical 
testing machine (EnduraTEC, Minnetonka, MN) under 
force control in a custom-built four-point bend rig, made 
from Delrin (Figure 1), in Hanks’ Balanced Salt Solution 
(HBSS)  at 25˚C.  The loading points were spaced 1.8 and 
7.2 mm apart; the interface was centered between them. 
Bending strengths, σb (in MPa), were computed from 
the maximum load P (in N), to cause failure, using the 
standard relationship (ASTM E855/1984):
 
where a is the spacing (in meters) between upper and lower 
loading points, b and h are, respectively, the specimen 
width and thickness (in meters).   
Bending strength
For comparison, solid dentin beams, solid composite 
beams, and the bonded beams [n = 6] were tested to failure 
by increasing the force linearly at 0.01 mm/sec. The bonded 
beams were exposed to various conditions prior to testing: 
(i) control specimens were stored for 24 hr in HBSS [n=6], 
(ii) another set was  thermo cycled between water baths at 
5º, 37º and 55ºC for 5, 20 and 5 sec, respectively, for 1000 
cycles [n=6], (iii) a third set was placed in 5% NaOCl for 
1200 sec [n=6], and (iv) a fourth group was subjected to 
105 fatigue cycles in the four-point bend apparatus at loads 
of 0.22 to 2.2 N (i.e., at a stress or load ratio of R ~ 0.1) 
at a frequency of 5 Hz (force control) which translates 
into bending stresses of ~ 2.35 and 23.5 MPa (varying 
slightly with specimen dimensions)[n=6], the maximum 
stress corresponding to ~40% of the single-cycle bending 
strength of the control group in Table 1. 
Fig. 1. Diagram of four-point bend apparatus. Distance between 
loading points - 1.8 for upper and 7.2 mm for lower.
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Results 
Bending strengths of the solid composite and solid dentin 
beams were nearly identical (Table 1).  The control bon-
ded beams, which were only stored in fluid(HBSS) and 
not stressed, had a bending strength of ~33% of the solid 
dentin and composite beams.  Thermo-cycling, exposure 
to 5% NaOCl solution, or 105 fatigue cycles (at stresses of 
roughly 40% of the single-cycle strength) prior to testing 
did not decrease the bending strength significantly (one-
way ANOVA, p<0.05).   Stereo light microscopy revealed 
that all bonded beams failed at the interface. 
Discussion
This study examined the effects of bending stresses on 
the failure resistance of dentin-composite bonds.  Results 
indicate that the interface is weaker than either of the 
separate materials (when tested as a solid beam).  The 
mean interface strength of 56.3 MPa (Table 1), represents 
a value of only ~32% of the bending strength of either 
solid dentin or composite.   Bonds vary with the operator, 
different operators will have different bond strength resul-
ts, apparently because of minor variations in technique of 
application of the adhesives to the dentin surface (20-23)., 
The same is true when restorations placed by different 
operators are examined for size and frequency of gaps 
between composite and dentin (22, 24). 
The four-point bend test is not commonly used for stu-
dying bond strengths.  However, in the present study, 
none of  the specimens failed cohesively in dentin; all 
failed adhesively in the interface.  Shear tests performed 
with point loading sometimes result in cohesive dentin 
failures, which is likely an artifact of the test geometry 
associated with stress concentrations at the loading point 
and corresponding crack propagation into dentin. (25). 
However, cohesive dentin failures seldom occur with ten-
sile tests. (26)   Thus, shear tests have been criticized as 
difficult to interpret and to relate to inherent properties 
of the interface  (27).  The four-point bend specimens in 
this study also failed at the interface, showing that the 
dentin/composite interface is far less fracture resistant 
than either dentin or the composite. 
In the first part of this study, there were no differences 
between the fracture strength of  the control group of 
samples which were pre-exposed to HBSS for 24 hr, and 
the groups that were subsequently subjected to NaOCl 
solution or thermo-cycled.  This likely is because these 
degradation treatments were too short to cause a measu-
rable breakdown of the interface.  Thermo-cycling stress 
is commonly used prior to measurement of microleakage 
or bond strength. The ISO/TS 11405 standard is 500 
cycles  (28) and we used 1000, but others have suggested 
that 10,000 cycles is closer to the equivalent of 1 year in 
vivo (29), which in view of our results seems more appro-
priate . Also, the effect of thermal cycling is dependent 
on the geometry of the specimens and the coefficient of 
thermal expansion of the composite.  Thermal changes 
can produce dimensional changes of gaps around large 
composite restorations (30); however, the specimens used 
in the present study were small rectangular beams that 
were not confined to cavities. Contraction and expansion 
along the length of the beams should have only minimal 
effect on the bond. The effect of  dimensional changes 
across the width of the beam should be minimized by the 
relatively small cross-sectional dimension.  
NaOCl  was used to attack any collagen in the interface, 
exposed due to incomplete penetration of polymer into 
the demineralized collagen.   Toledano et al. (2006) found 
that NaOCl immersion of bonded samples degraded bond 
strength. However, we detected only a slight trend toward 
lower bond strengths following a 1200 sec 5% NaOCl im-
mersion.  Longer immersion times might affect the bond 
significantly, as happens with long-term water storage 
(17). However, the mechanism of hydrolytic or chemical 
degradation of  composite-dentin bonds is not clearly 
understood and requires further investigation, as either 
may prove to be a primary mechanism for the observed 
deterioration of  bonds both in vivo and in vitro (1, 2).
No effect of 105 subcritical fatigue loading cycles on the 
eventual bending strength of the bonded specimens was 
observed; however, the loads were relatively low (roughly 
40% of the single-cycle bending strength).   Cycling at 
higher stresses, above ~50% of the single-cycle strength, 
Table 1. Strength of beams in four-point bending.
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clearly limits the endurance of the interface and demons-
trates how subcritical fatigue loading will eventually lead 
to failure, with the durability of the bond related to stress 
magnitude (31).
Previous studies have applied fatigue testing to tooth-com-
posite interfaces in shear (32). More recently, micro-rotary 
fatigue testing was applied to microtensile stick specimens 
(33, 34) and  it was found that the load at which 50% of 
the specimens fail after 105 cycles was about 30-40% lower 
than the corresponding micro-tensile bond strength. 
Conclusions
In conclusion, it was found that the bending strength of 
dentin-composite interfaces is approximately 32% of the 
(single-cycle) bending strength of solid dentin or compo-
site beams. These strengths were not significantly affected 
by short-term thermo-cycling, NaOCl exposure, or 105 
fatigue cycles at subcritical loads corresponding to stresses 
of the order of 40% of the bending strength.     
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